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(54) ELECTRON BEAM TRAJECTORY CORRECTING DEVICE AND METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electron beam trajectory correcting method 
and device with an arithmetic unit capable of simply and appropriately calculating an 
exciting current quantity without restricted by the number of steering electromagnets 
and quadrupole electromagnets. 

SOLUTION: This electron beam trajectory correcting device for an electron storage ring 
having n quadrupole electromagnets 70A1-70An is provided with m steering 
electromagnets 60A1-60Am, steering electromagnetic power supplies 62A1-62Am 
feeding exciting currents to the respective steering electromagnets 60A1 -60Am, steering 
current control devices 64A1-64Am controlling the exciting currents of the respective 
steering electromagnets 60A1-60Am, a quadrupole electromagnet power supply 72, a 
shunt 74, a beam position monitor 92, and the arithmetic unit 1 2 calculating the excitation 
currents of the respective steering electromagnets 60A1-60Am for deflecting the angles 
of the electron beam so as to pass through the center of the respective quadrupole 
electromagnets 70A1-70An, by a singular value decomposition method. 
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^m-f^t*-A^^->3>^^^9 2£. Xy-T>) > 

^miK56 OA 1 ~6 oAmtcast^^iaisi* 

UttlTS?SI$L$^l 2<b5r{t^.ri^. ftte. #f|Jfe© 
W^©S^t'-A©mjtMIE«§l OTiJ. fc'-A^i> 

40 3 ^92 *. 

[0049] — *^BJ©m^-f- A©«iJt|iiE^g 

10TB. !(6*©«jE«B4ttaneD. ^^T-ry>^ 
HiSS 6 0A1-60 Am©®fi5miS^HiT-5^@» 
112(1. Se*©«iE^©|jiBj-cSSU7cigTi^r^ 

[0 05 0] JyJi©^tC*jl,i-C. *3I3SS©^©S^ 
f- A©$Jiiilf iE^g 1 0 (Om&MftRaWimMlEJsW. 

ic-oor. 0is<^S2i:ffluriftBjt--5>„ a*i. m^- 

50 t'-A©ifciMffiiE(*. -e©ittf*|6j{c»b-CSii^M 
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©t\ «T> ^K.m.%H-t^cLU<Mmt^>h(Ott 

[0051] ft-?. uxvn+v-Avyimmmikmm 

5eS I<, P ^b3tffci#£©b'-A;}<i>>3 >*-*tC:}3 
ttSm-?f-A©^{iS:&fc[JU C^^fe^Z^i-T 

CC TW^H. pBUp^n (DmkVh Sift 10 
p£ l*^nS-CJiB^jt?#SCi{cj:»5. 311 JbM 
In ©Hlif 15 7 0 A 1 ~ 7 O A n ©^fi*s , -en 

[0 0 5 2 ] I82fc. iq©Xf7';>^H56 0A 
q fC«*fe-CAttSiifc£ifi£fl I , « .«*& LfcttfiT. m 

p ©ramgfK&B? o a p oiass«sfes^*tt-c0fss 

[0 05 3] CC-C. H&q£ 1 *»fcm*T?*&a&t3*20 



12002-141 198 
12 

*i*St iCCjrO. I q©^f7'J>i'§i560Aq(C 
*Sft-ClBS8««*9rJE«; I , , , U fclfc p ©Qftffi* 
IE7 1..0 A p©»fiBfflS»*3r3e«?titSl±A:»^lc 

(00541 IK, C©#JB*. SB&p & 1 fefen ST 

©0fiMS!S57 o a i -7 o Ano^fi*, -en-en 

Z„~Z „„<!:& 9. m - niI*)©^{i£il{iiT'j*£. 
[0 05 5 ]^3K1 % ^pCDE3MS^iS57 0 AptCO 

t>r . $ p ©□£&«&& 7 o a P ®B&B*%a&jffi£ 
iqoxfr«;> ^usss 6 o a p ©-en-en©Kje« 

SiCTx. t-rSgpOM^MtS. p£1 

SS»«a 1 2 K*sUT^J5E-C# S. 
[0 05 6 ] C©nffl©56FSSCJ««-C^*.6*i4. 
[ftl ] 



Z10 + I (Z 1 1 - Z10) X I =0 

U1 



Z2o + 2 (22 1 - Z2o) x I 
i-i 



Zno 



+ 2 (Zni - Zno) x i = 0 



(1) 



[0 05 7] iC5T, ^*<DffliE^gr«. U!4fc:> 

±ssm 3~etti&i> fc±t as; ( 1 ) $ n £ n <i©^n 
tc c©fcao. ^fr^^iffieoAi-eoAm 

©»#m (02TW4) ffl. H1H1E7 0A1~7 
OAnOSifin (12 7112 ) ffl-C*S*jlJ6©^0D 
«fc5(c. n<m©t§£(i. atffcfrHs&DlBtt^Jtitt* 
©-C« C©->--X-C«. S^fc'-A©i|fijIf§lErt*r£& 

Ax= b 

CCt', A«ntfm?"J©^7?'J. x«»qOXfr'i>? 
^fi&56 0 Aq©il^l*. x, I ,„ £ jSlEL/ct§ 
^©x.-C. SXf7 V >^1156 0 A 1 ~6 0 Am 

T'J>^68S6 0A l~6 0Am?rS)i683-»±^C>t^M 
T\ JSl 7!>M^n©SE3m@miS57 OA 1 ~7 0 A n 



* [0 05 8] #Jiffi#8?j£&C <fc 0 C©ii3i7?liSC5:»U 
T. XT-TU>^miS56 0 A 1 -6 0Am©aiSmflS 

fi^@aiL/c^«, &*©«-?- tr- a <D$kmmiE?>mm 

mic> C©#(±JU/cX-rT U > 2^11856 0 A 

1 ~6 0 Am©BSBWaE«{ciS-5C>r. 9 1 7iS£m© 

^r7'j> ^s8s©®fia®5fes**8taiL . m-?f- a 

©ttiM^QMS^E 7 0 A 1 . 7 0 A 2 <DW.m t P>b%: 
iiiS-T-S J: S (CS^- A©fiii%tiiE-r -5.. 

40 [0059] ^«c, •ftmmftm&tc'o^xwim-rZo - 
jkcc. ^ ( i > ©a^nsstj, ^s (2 ) (Dimmx 

(2) 

©SjSBs^ifiSs^^rBifS^^b s -a-fcJi^© f - a# 

i 5 ^ a £ 9 2 (Cfctt sn^p tr- A©^{4 z , . — z 

[0060] «e*©»iE3Erffi-ctt. st < 2 > *><E>jg*a© 

7;WUA4ffll>T, ^f7 , ;>^Sl560Al 
50 ~6 0 A m©iliSMiiix ^fttUfc^. #Sii6©Jfc 
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A = U ' D ' V ' 
CC-C. U\ V ' ^n^nn?fn?ij. mtfm?'J<D 
BBMtWT. V" ' «t©V ' ©IHMTjy. D ' tt. & 

i>a,>. . . >o, CCT, i» v 

C«Z)J:^{c. fir?>jA£5£ (3) <D£'>ic&mt& 

aiA©#Hfi£l#»5. 10 
[006 1 ] C CT. D ' aWftfrfllT** C 4 CC&g 
■r*i. ntTm?U©»ftfT?UD ' <0£ffl*>68K*£fc-&3£ 
A = UDV« 

cct. u. vb. -en-enntT isfu. mmn<Dm.ii. 
a, s o £?i§/c-r i 'Xoittmwi-vfoz. c e-c 1 tt. ★ 

x=VD*U'b 
CCt. U'ttlKDWKrW. D'Ct. M^d f ds, d« 
= a , -* 1 >X(D*miffl-C$> 5 . 

[0064] Sfc, lBm, n©C>fn^Sl,^t* 20 

a@mSB57 0 A 1 — 7 0 An©Sfcn X?TV># 
SI&B6 0 A 1-6 0 Am©&mJ:»3 fc/jN$t>JS^T 
fe; SXf7'J>i/l®56 0A 1-60 Am©®88H 
jftB£»fcB-C£ £ C t L/T l> -2.. 
[0 06 5 ] j£&C, BS@mfi&57 0 A 1 ~7 0 

An©tfcn#. ^t-T 'J>^®856 OA 1 — 6 0 Am 

^7-7U>ys«56 0Al-6 0Am^30 
x''=VD.''U l b 
CCt, D„ ' SfiEfl-d,*. d, = or' ( i £ 

p>. d, = o (i> P > zmtc? i A<DMmm-c$> 

[0 06 7 ] C©«fc^{C, ^ffl-kOtHtCCfet'T. 

*y~> a £ 9 2 ccfcw ^#,^©^aa*j|g) c «t ^ 40 

fr^-rT "J >^11856 0 A 1 ~6 0 Ami)m&?Z>W> 
^Tfc, ®WcCXr-T'J>i'*SSB56 OA 1~6 OAm 

[0068] ±imwi&vn-*<D®mici6i>x . 

fr^fi^-fb S ttfcig£© f - a 3 >^e r. £ tctew 
^^e-A©^{4©^tBi. &x?-TVZs?nWEic 
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*{c<tD. (3) ©jio^-TSo 

(3) 

X-&ff?'JU ' ©*§,£■> tf?UU ' ©ntfm?iJfc*W#W£l!rC£) 
0. ffe©^««im^(cH©K@4>^-Cl=.!a:(,^ * 
7c. n?Tm^J©ttft^JD ' ©:SjBiJfr68K"J£ 

frtf-^T^JV ' ©*§•£, tf^JV ' ©mtfin^JA:t-t*sW^ 

[0 06 2] «±©*1f!*»*il-Si. 
«rtc. (4) ©<fc 5 KM 



(4) 

[0 06 3 ] C©<L§, 3$ (2) ©ft?(i. (5) © 

(5) 

# ©S)SSSzjSS^»W-C £ SBPfe . *^56©^©ffiiE^ 
StcJ:#a«. HSSS6S5 7 0 A 1 -7 0 AnOSn, 
^7-T'J>^miS56 OA 1-6 0Am©g!m&CfM#j;* 

ti-r. xfj'j >ym^s6 o a i -6 o Am<ommm 

[0 06 6 ] mmm&. a t >o,>. . . >a, 

S)IS^ijiEm©i51Ke5^S^x ' "tt^ (6 ) tcj; 

(6) 

5© mm^mm.zmkvm'&m.m t ? #/cii^© t*- a 

tf^> 3 >^-3UCfcW3«^t-A©^&©$Hic!: 

L/feC ©Jffl#-rtf W n«^c 6 £r l> & ©T'« 

[0 06 9] */c, *^©m^f"A©fiJtffiiE^g 

©ffe©*&s©^£ itB, 4 o mmmam 
&©-c, s^-^-A©ttjaiiiE©^*i^«{tL. «L3tt 

[0 07 0 ] *ftW<DM?- f- AOfi^iE^SCXfl 
iIffijE^S«±I2^Jfe©^glK:pgS?n-r, S^©^M 

ffi^^feK «fc o . s^f7 y > ^mi»5©Muems£fi?: 

@a}-r^C<bT-*«3. C©^#icpg^$n-5»^©T-«Aj: 
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[0 07 U $fc, *§mi<Dm?-v-&0Wk&ffiiEmm 

[0072]tfc, ±ie&3iMi©7f23rc«. tr- Atfi> 
-> a 1 o/ctffflU/ctg^-ClfcBj L-fc*i. f- 

[0 07 3] C©iS^«. #f-A^^a>*-^(C 
[0074] 

[^©S&m] #IPj©^e-A©4liji»iEgg&t>' 
( i ) *fPJl©s^tr-A©i£yi*BiEi£gtt. fi^ i 

iE3S@S?aS<f:©^©*IJ^^SW-r(C. XfT'Jy^ 

©-c\ ^<©X7"T'j>^MS55*ffifflbrs^e-A 
©fuIttiEfflS ; &r^±2i*-5Ci*soJSg(C! f j:«3 > g»S 

©i^ccwg^nrfc^rr y^SE&B^it^-rcttf 

M3- tr- A ©#i jiffiiEififfi £ ft ± i* If S C £ # pjffe-c * 

( 3 > $ fc. i -oms/c o©^r"T y > ?mm.mcwztj; 

UWD^ aim Lfi^T- X Z^mX'Z s„ 
[0 075] ( 4 ) 2 tCiB^OS^ tf- A©#iit 

ffijE^Sii. X-f T y >i^S£E©£fcm£. EHSSmSS 
e©£Stn £©&8fii£. m>n£l,/c/c«>{£. Egm&SfiS 
5©ifr#* f7 y > f mi&EJ: 0 *>d>fr < . fi£*©«^- 
f -A©mjg«IE*^-T'tt*:r7 y > i/mfiS5©SbM^ 



C9) 2002-141 198 

16 

[0 07 6] ( 5 ) 3 KBttDWf - fcf- A©«iii 

> ^«c®ai5g 3 *l/c 1 Xi* 2 JWJb©WJi!i£/JtliI£JP£ 

[007 7] < 6 ) 4 tCiBig©^-?- t - A©$UI 

io t>i$ftff£ft$ itsxfT y > ^^©jasa^if* 
*{c*jy 5«iM©^&B*5|5j c J: 5 fc x y > ^ 

©^fiSmiifefi^^mT- t5^K-A OttSffi JESS <!: 
[0 07 8 ] ( 7 ) #2£BJ©H^-t:'- A©HiJt«iE^a 
>^«fiS5£HSSme5i©&©*i]^ ; S:SWr«c. x 

©fflSttc 6 -r. m^- mm y > ^©afsttSLK: <t^ 

©X 7"T y > l- r «^ fcf- A©mJM^iE 

(8) */c. i ogfc o f 7 y > yisetca^a 

[0 07 9 ] (9) £/c> ft*3«6tCfet£©^fcr-A 
30 ©tflilTfiE^i-r^i. X7-Ty>^msa5l5)±3&^ 

©^{as^iBiu J: -5 u^y-r y >^®s*5#set-s^ 
^•"c t> . mwtj; x -r r y > ^^©sismijsa^mHi 
r-^^s^tr- A©mil*iiE*ft£-r 5 C £*ir*^ 
[ 0 0 8 0 ] ( 1 0 > i»*^7 (CfatS©m^t'- A©«i 

Z&mSltL, C©hf-A#yi>3>^^^±fB^ 
SSy>^©®^ag«:geg-rSJ: i 5«CL/£:/c* > 15 
^u/c^©^cc, Mtc. s-?tr-A©«i^iiiiE*5-a 
40 ffistcff^.. ©^ws^s^^ns^say^^c^ 
fc-?z>t tomtit 

im i ] *^Bj©m^t'-A©m^tiiES^©-iy6© 

[0 2] *^Bj©^f-A©fiiIffliE^S©-j|te© 
®M{Cfflt^3Eg^©BHg^^f ^^Sffl y > ^©^F 

3j)m^§« y > *'©s#fitftS£!ttBj-r -5^*©^ 

50 [S4] ifSi^^m^t-A^i/a^- 
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